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First atomic model of human telomerase
constructed by electron cryo-microscopy

April 22 2021

Three-dimensional structure of the human telomerase holoenzyme, as
determined by cryo-EM at 3.4-3.8 A resolution. Credit: MRC Laboratory of
Molecular Biolof

Telomeres are large nucleoproteins structures that cap the ends of
chromosomes in eukaryotic cells. When a cell divides, a small portion of
the telomere is lost due to the inherently incomplete process of genome
replication. If left unchecked, over time the telomeres will reach a
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critically short length and the cell will face genomic instability,
deterioration or death. To offset this shortening, an essential enzyme
called telomerase rebuilds the telomeres by synthesizing new telomeric
DNA repeats at chromosome ends. Kelly Nguyen's group, in the LMB's
Structural Studies Division, has solved the first complete atomic model
of this enzyme and discovered a histone dimer as novel telomerase
subunits.

Telomeres act as a barrier to protect the genetic information from
progressive degradation arising from incomplete DNA replication.
Additionally, telomeres distinguish the natural chromosome ends from
DNA double-strand breaks, thereby avoiding an illicit DNA damage
response and preventing intrachromosomal fusion. This makes telomeres
essential for the preservation of genome and chromosome stability. In
previous research, Kelly had discovered the architecture and
composition of human telomerase holoenzyme at 8 A (Angstroms)
resolution using cryo-EM. However, to understand the molecular
mechanism governing telomerase mediated telomere maintenance, a
high-resolution structure of the complex was required.

To conduct this study, Kelly's group, in collaboration with Kathleen
Collins at the University of California, Berkeley, and Rhiju Das at
Stanford University, prepared telomerase by extracting it from cultured
human cells, before imaging using cryo-EM—resulting in the collection
of almost 44,000 images. This data was analyzed using RELION—a
complex computer program developed at the LMB—in order to achieve
the 3.4-3.8 A structure of telomerase. From this Kelly and members of
her group, George Ghanim, Adam Fountain, and Marike van Roon, were
able to build the first complete atomic model of telomerase, with 12
protein subunits and telomerase RNA. By completing the structure to
such a high resolution, the group was not only able to illuminate how
common RNA and protein motifs work together, but also to highlight
new interactions.
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Over the course of this investigation, the team confirmed the novel
presence of a histone dimer—proteins which normally bind DNA into
units called nucleosomes in order to package our DNA. However, within
the telomerase structure, histone H2A-H?2B is bound to an essential
telomerase RNA domain. This suggests a previously unknown role for
histones in telomerase RNA folding and function, and is a rare example
of a histone-RNA interaction.

In humans, telomerase mutations have been linked to premature aging
diseases such as pulmonary fibrosis, dyskeratosis congenita and aplastic
anemia, which are all caused by mutations that result in decreased
telomerase function. Through this high resolution structure we can now
begin to understand the molecular pathology of several of these genetic
diseases in human. Conversely, upregulated telomerase activity has been
shown to allow cancer cells to replicate indefinitely. Currently, there are
no telomerase-based therapies available, however this new atomic model
provides the framework from which such treatments could be
developed.

More information: George E. Ghanim et al. Structure of human
telomerase holoenzyme with bound telomeric DNA, Nature (2021).
DOI: 10.1038/s41586-021-03415-4
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